INTRODUCTION
The Rockall Plateau (Fig. 1) is a submerged continental crustal block separated from the northern European continental margin by the highly attenuated crust underlying the Rockall Trough, and from Greenland by oceanic crust (Roberts, 1975; Roberts et al., 1988; Joppen and White, 1990; Hitchen, 2004) . The area occupies a critical location in pre-drift North Atlantic reconstructions, but because of the scarcity of samples, the geological history of the basement is poorly understood. The only direct evidence for the nature of the basement forming the Rockall Plateau comes from samples acquired from Rockall Bank. Sm-Nd model (T DM ) ages for five samples (A to E, Fig. 1 ) recovered during diving expeditions (Roberts et al., 1973) range from 1.89-2.14 Ga (Morton and Taylor 1991) . A similar T DM age (1.91 Ga) has been reported more recently from two further sites Fig. 1) in the area (Hitchen, 2004) . Although no U-Pb zircon age data from these samples have been formally published, Daly et al. (1995) and Scanlon and Daly (2001) indicate that single-grain zircon age dating of samples A, C and D ( Fig. 1 ) yielded results similar to that of the Annagh Gneiss of north Mayo (Ireland), which has a U-Pb zircon crystallisation age of c. 1750 Ma.
These limited data suggest that the Rockall Bank metamorphic basement comprises a juvenile Palaeoproterozoic terrane (Morton and Taylor 1991; Dickin, 1992) .
No basement rocks have been recovered from the other bathymetric highs (Hatton, Edoras and George Bligh banks) that comprise the Rockall Plateau (Fig. 1) . Palaeogene basalts from George Bligh Bank display evidence of contamination by Archaean crust (Hitchen et al., 1997) , suggesting that the boundary between the Archaean and Palaeoproterozoic terranes lies between Rockall Bank and George Bligh Bank, as proposed by Dickin (1992) and Dickin and Durant (2002) . Pb isotopic evidence for Proterozoic contamination of Blackstones Bank basaltic rocks led Dickin and Durant (2002) to place the boundary to the north of this Tertiary igneous complex. Likewise, the boundary between the Archaean and Palaeoproterozoic terranes lies to the north of Stanton Bank (Fig. 1) , a submerged bathymetric high, on the basis of the occurrence of basement rocks with relatively young Sm-Nd T DM model ages (Scanlon et al., 2003) . The location of the proposed boundary coincides with the central strand of the Anton Dohrn lineament as defined from potential field data by Kimbell et al. (2005) .
Although the location of the boundary west of George Bligh and Rockall banks is not directly constrained from any geological sample data, the central strand of the Anton Dohrn Lineament crosses Hatton Bank at a marked inflection point of the axial trace of the North Hatton Bank Anticline (Johnson et al., 2005) . To date, there is no evidence, either direct or indirect, regarding the basement underlying Hatton and Edoras banks, which are located in the southwestern part of the Rockall Plateau, separated from Rockall Bank by the intervening Hatton Basin (Fig. 1) .
In this paper, we present the results of a combined U-Pb and Lu-Hf isotopic study of detrital zircons from Cretaceous-Palaeogene sandstones recovered by coring at two sites, one on Hatton Bank (BGS borehole 99/2A) and one close to Edoras Bank (DSDP Site 555), and discuss their implications regarding the age of the basement underlying these two poorly understood areas.
ANALYTICAL METHODS
Zircon concentrates were obtained using standard density and magnetic separation techniques. Arbitrary, and presumed representative, fractions were poured onto double sided tape, cast into an epoxy resin disk, sectioned and polished. Transmitted and reflected light photomicrographs, together with cathodoluminescence (CL) images, were prepared for all grains. Representative transmitted light photomicrographs for the two samples are shown in The U-Pb analyses were undertaken using SHRIMP RG at The Australian National University in Canberra. The procedures employed for zircon U-Pb dating followed Williams (1998) and references therein. The number of scans through the mass stations was limited to four, thereby achieving rapid data acquisition at the expense of some counting precision per
analysis. An arbitrary group of 60 zircons were analysed from each sample. Subjectivity in zircon dating was avoided by analysing all zircons encountered during the traverse of the mount, unless the grain showed evidence of being metamict or otherwise structurally compromised, as determined by examination of the reflected and transmitted light photomicrographs and CL images. Normalisation of Pb/U isotopic ratios was achieved by reference to analyses of the FC1 reference zircon (1099 Ma: 206 Pb/ 238 U = 0.1589: Paces and Miller, 1993) . The raw SHRIMP data were processed using SQUID (Ludwig, 2000) , with plots generated using Isoplot/Ex (Ludwig, 1999 Tables 1 and 2 .
Hf isotopic analyses were performed by laser ablation on the same locations as previously analysed by SHRIMP, using the reflected light micrographs to reveal the locations of the ion probe sputter pits (typically about 30 µm across). For most analyses of unknowns or secondary standards, the laser spot size on the sample was either 47 or 37 µm in diameter, depending on the size of the grain and the nature of internal structure as revealed by cathodoluminescence imaging.
The Hf isotope measurements were conducted by laser ablation multicollector inductively coupled plasma mass spectroscopy using the RSES Neptune MC-ICPMS coupled to a 193 nm ArF Excimer laser. The mass spectrometer was first tuned to optimal sensitivity using a large grain of zircon from the Monastery kimberlite. All isotopes were measured simultaneously in static-collection mode. A gas blank was acquired at regular intervals throughout the analytical session (every 10 or so analyses). The laser was fired with typically 5-8Hz repetition rate and 60 mJ energy. Data were acquired for 100 seconds, but in many cases only a selected interval from the total acquisition was used in data reduction. In each batch of samples between gas blank measurements, several secondary standard zircons (91500, FC-1, Temora-2, Monastery and Mud Tank) were measured as a check on data quality, along with several unknowns. Signal intensity was typically ≈5-6 V for total Hf at the beginning of ablation, and decreased over the acquisition time to 2 V or less. The Hf isotopic data are presented in Table 3 .
BOREHOLE 99/2A
BGS borehole 99/2A was drilled into the Mesozoic succession on Hatton Bank (Hitchen, 2004) , and recovered 28.5 m of sandstone and siltstone dated as Albian on the basis of terrestrial palynomorphs. The sample selected for zircon isotopic analysis was taken from 45.65-45.72 m within the Albian clastic succession. The absence of marine microplankton and low overall species diversity indicates a paralic depositional environment. The sandstone is dominated by fresh angular quartz and feldspar, and contains a heavy mineral assemblage dominated by unstable phases such as calcic amphibole and epidote (Hitchen, 2004) . These characteristics suggest first-cycle derivation from basement of intermediate-acidic aspect.
The zircon morphologies (Fig. 2) provide further support for first-cycle derivation, with all grains having euhedral or angular habits. In transmitted light, the zircons show evidence for structural imperfections, with large cracks evident in many grains. Cathodoluminescence images of the zircons (Fig. 2) show that they have typical magmatic zoning patterns (Corfu et al., 2003) . Grains with apparent cores form a small proportion of the zircon population, but where they do occur (e.g. grain 13) they have similar ages to rims on other grains with cores (e.g. grains 4 and 6). Hence, although some zircons are structured (in that they have cores and rims), there is little to no apparent age difference. This is not uncommon in zoned igneous zircons. Although there are discontinuities in zoning between apparent centres and rims, the lack of a significant age difference, at least at the uncertainties of our measurements, implies either that the chemistry of the magma changed during crystallisation, or that there were two or more another magmatic pulses within a short period of time.
The U-Pb isotopic data and ages of individual grains are given in Vervoort and Blichert-Toft, 1999) . The Hf isotopic data therefore indicate that the depleted mantle was not entirely responsible for generating the magmas from which the zircons crystallised, and that a large proportion of pre-existing crust of Archaean age must have been involved.
SITE 555
DSDP Site 555 is located on a col between Edoras Bank and Hatton Bank, to the SW of BGS borehole 99/2A (Fig. 1) . Beneath a Miocene deep water biogenic pelagic succession, the borehole encountered a Palaeocene-Eocene succession dominated by basalt flows and volcaniclastic sediment, with occasional units containing terrigenous clastic sediments (Shipboard Scientific Party, 1984) . This volcanic-dominated succession was generated during the early stages of seafloor spreading between Rockall Plateau and Greenland, and is coeval with the seaward dipping reflector sequence found to the SW of Edoras Bank (Fig. 2) . Cathodoluminescence images of the zircons (Fig. 2) show that they have typical magmatic zoning patterns (Corfu et al., 2003) . Grains with apparent cores are present in small numbers.
The analysed zircons in the sample from Site 555 are concordant or near-concordant, with only one zircon being more than 20% discordant (Fig. 3) The depleted mantle was therefore a major contributor to the magmas from which these zircons crystallised, although there is some evidence for the involvement of pre-existing crust. succession were derived from the Rockall Plateau, rather than from the conjugate SE Greenland margin (Morton, 1984) .
DISCUSSION
Link et al. (2005) recently conducted a study of detrital zircon age distributions in 1 st and 2 nd order drainage systems as defined by Ingersoll (1990) and Ingersoll et al. (1993) . They showed that 1 st order systems, which range from talus slopes to small fluvial drainages, contain 'defining grain populations' that form over 50% of the entire zircon distribution.
These defining populations are also seen in 2 nd order systems, but in lower abundances due to dilution by sediment introduced by other tributaries. The two zircon assemblages described in this paper are both dominated by single 'defining grain populations', their age distributions being characterised by single peaks comprising 100% of the zircons in borehole 99/2A and 80% of the zircons in Site 555. The zircon age data therefore suggest that the sandstones at the two locations are of local origin, since they represent the products of small-scale 1 st order drainage systems.
The only plausible alternative provenance for the zircons in the samples from borehole 99/2A
and Site 555 would be the Ketilidian Belt of southern Greenland, which was adjacent to
Hatton and Edoras banks prior to opening of the NE Atlantic ( The Rhinns Complex, which lies to the east of the Rockall Plateau (Fig. 6 ), comprises basement rocks that outcrop on Islay and Colonsay in southwest Scotland, and on Inishtrahull and Tor Rocks in northwest Ireland (Muir et al., 1994 contribution from Archaean crust, the latter comprising clastic material that had been transported to the orogenic zone and deposited on oceanic crust (Patchett and Bridgwater, 1984) . 
